Prenatal, biological and environmental factors associated with physical activity maintenance from childhood to adolescence Fatores pré-natais, biológicos e ambientais associados à manutenção da atividade física da infância à adolescência 
Introduction
Although the benefits of physical activity are well established, a high prevalence of physical inactivity has been observed in different population groups 1 . It is estimated that inactivity is responsible for 9% of premature deaths worldwide, representing the greatest isolated cause of death 1 . Health promotion efforts based on ecological models, which act on different levels of correlates and determinants of physical activity in specific groups, have been recommended 2 . Among them, early-life factors such as prenatal development and birth weight, and their interaction with environmental factors have been studied to provide a better understanding of habitual physical activity patterns [3] [4] [5] . Early experience of physical activity has been identified as an important correlate of physical activity throughout life 6, 7 . An active lifestyle in childhood is associated with health in adulthood [8] [9] [10] through several direct pathways involving body fat and the methylation of some genes 10 and/or indirectly by tracking effects 7 . The influence of the social environment on physical activity has been also widely studied in youth. Especially during the first years of life, parental behaviors tend to be transferred to infants and children 11, 12 . Maternal and paternal influences may manifest through support, encouragement or modeling, and their relationships tend to vary according to physical activity type. For example, a review found that parent's support (mainly paternal) predicted overall children's physical activity, but the results were contradictory for different domains of physical activity 13 . With regards to physical activity maintenance, social support seems to be important for adolescents, but the results for parental constructs are currently inconclusive 14 . It is speculated that early life, even intrauterine factors, may be related to biological outcomes and some behaviors 3 . Poor and delayed fetal growth, frequently assessed through the birth weight, is associated with poor motor development, which could be related to lifestyle adoption, playing as a mediator in this relationship 15 . Similarly, the association between gestational timing and physical activity in different periods of life is not clear 16 . Moreover, birth weight has been associated with cardiovascular risk in adulthood, whereas both low and high values are negatives 17, 18 . A recent meta-analysis concluded that in youth the relationship between birth weight and biological outcomes is not mediated by physical activity 19 . However, no data are available about the role of birth weight in physical activity maintenance from infancy to adolescence. Furthermore, whether prenatal and environment influences may interact to determine physical activity patterns is not clear. Previous studies on this topic have not controlled for biological variability 5, 13 and physical activity maintenance is rarely treated as an outcome 14 . Increased understanding of the factors that are related to the practice and maintenance of physical activity throughout life can help to formulate strategies to tackle the current physical inactivity pandemic. Thus, our aim was to identify prenatal, biological and environmental factors associated with the maintenance of physical activity participation from childhood to adolescence in Brazilian adolescents. Our hypothesis was that prenatal, individual and parental variables, were correlates of physical activity participation from childhood to adolescence.
Methods

Design and sampling
This was a cross-sectional study conducted in the city of Londrina/PR with adolescents aged between 10 and 16 years old, who were enrolled in public schools. Londrina has 506,701 inhabitants, an HDI of 0.778 and a GDP per capita of US$ 8,530.77 20 . The sampling process was performed in two stages. Initially, all the public schools of Londrina were separated into regions (north, south, east, west and center), two schools were then randomly selected from each region. After this, the classes were randomly selected from schools (three or four depending of the size). All students from each randomly selected class were invited to participate in the study. For which, the sample size calculation was estimated for a greater project named "Prevalence of metabolic syndrome and cardiovascular risk factors in adolescents from Londrina" that was based on a prevalence of metabolic syndrome of 4%, a α of 0.05, a margin of error of two percentage points, and a design effect of 2.0. The total sample was composed by 1,395 adolescents. However, 209 were excluded from the sample for this study due to missing data of individual correlates. Concerning parental variables, the number of missing data was greater (Maternal: 519; Paternal: 649). Those adolescents who were using prescription medicine, undergoing treatment for any disease, or who did not return the consent form signed by parents, were excluded. More details about the study design and sampling are available elsewhere 21 . The local Ethics Committee, according to the Declaration of Helsinki, approved all study procedures.
Physical activity
The Baecke questionnaire 22 was self-completed by adolescents and used as an indicator of current physical activity level (adolescence). This instrument contains questions related to physical activity at school, leisure time and sports, and the sum of which constitutes an estimative of habitual physical activity. For reproducibility estimative, the questionnaire was repeated on a representative portion of the sample (10%) after an interval of seven days and the intra-class correlation coefficient (ICC) was 0.73. Because the Baecke questionnaire was not designed to prevalence propose (allows to estimate the maximum of 240 minutes), adolescents in the highest quartile of the sample distribution were considered 'active' . Past experience with sports practice in mid-childhood was adopted as a former physical activity indicator. A dichotomous question (yes or no) of engagement in supervised sports participation for at least one year between the ages of seven and 10 years was answered by the adolescent (ICC = 0.87). Finally, to evaluate parental physical activity, the Baecke questionnaire was again applied. Once this questionnaire do not allows only the categorization according physical activity guidelines, parents who reported spending at least 180 minutes per week in moderate to vigorous physical activity were considered 'active' .
Gestational age and birth weight
Both gestational age and birth weight was assessed by a questionnaire answered by parents. From this, we categorized adolescents as preterm if their parents reported birth occurring before 37 weeks. With regards birth weight, subjects were divided into three categories: low (lowest quartile, ≤ 2.870kg), normal (two central quartiles, 2.871 to 3.610) and high (highest quartile, ≥ 3.620).
Socioeconomic status
Socioeconomic status was assessed through the Brazilian Criterion for Economic Classification instrument 23 which classifies families into one of five alphabetical groups ranging from A (high SES) to E (low SES), according to family possessions and the educational level of the head of household. For this study, groups A and B were combined to reflect 'highest SES' and groups C, D and E were combined to reflect 'lowest SES' , because of the homogeneous socioeconomic status.
Somatic maturation
Somatic maturity was estimated using the peak of height velocity (PHV) 24 . The distance to PHV was calculated from information on height, trunk-cephalic height and leg length. Additionally, chronological age was subtracted from the distance to PHV for classification according to maturity categories in boys (late > 14.8 years; on time: 14.8 to 13.4 years; early < 13.4 years) and girls (late > 13.0 years; on time: 13.0 to 11.8 years; early < 11.8 years). Also, body weight was measured for calculating body mass index (BMI).
Statistical analyses
The characteristics of the sample were described as frequencies, means and standard deviations. The Mann-Whitney and Kruskal-Wallis tests were used for group comparisons. Linear trends were tested by the Chi-Square test. To investigate correlates of physical activity maintenance from mid-childhood to adolescence, multinomial logistic regression adjusted for chronological age was used with separate models for sex, birth weight and parental physical activity as independent variables (model 1). Poisson regression with robust variance provide better estimates for cross-sectional studies, mainly when the outcome is highly prevalent. However, we have adopted an ordinal outcome with three categories (1 -no physical activity; 2 -physical activity only in childhood; and 3 -physical activity in both childhood and adolescence), avoiding this approach and multinomial logistic regression become more suitable in our case. Latterly, all significant variables from model 1 were included simultaneously in a model to mutually adjust for one another (model 2). Although our sampling randomization was conducted by clusters (school), the intra-cluster correlation coefficients were low, ranging between 0.006 and 0.009 (physical activity: 0.008; Sex: 0.008; Gestational age: 0.009; Birth weight: 0.008; Socioeconomic status: 0.006; Maternal physical activity: 0.008; Paternal physical activity: 0.008; somatic maturation: 0.009), which indicates a low variance between clusters. All analyses were performed in the SPSS 20.0 and the significance level adopted was p < 0.05.
Results
Of the 1,395 initial study participants, 209 did not possess complete data for the variables and were excluded. The results in the present work are therefore based on 1,186 adolescents for individual variables and 876/746 for maternal and paternal variables respectively, of which 44.4% were boys and 67.4% presented low socio economic status. The characteristics of the sample according to physical activity patterns (inactive in childhood and adolescence, active only in childhood and active in both periods) are presented in Table 1 .
Differences between groups were observed regarding somatic maturity status (p < 0.001), in which adolescents classified as active in both childhood and adolescence presented with later (late) age at PHV. Figure 1 presents the prevalence of physical activity patterns according to sex, socioeconomic status, birth weight, biological maturity status and physical activity of parents.
There was a higher prevalence of maintenance of physical activity in boys (p = 0.002) and those whose mothers were considered physically active (p = 0.043). In adjusted associations (Table 2), we found that boys were 73% more likely to be active in childhood and almost four times more likely to be active in childhood and adolescence when compared with girls. Adolescents with late (later-onset) maturity had 2.5 times higher odds of being active in childhood and adolescence compared with early maturers. Similarly, adolescents whose mothers were classified as inactive had 69% lower odds of being active in both periods.
Discussion
This was a cross-sectional study using current and retrospective information about physical activity engagement by Brazilian adolescents. We aimed to investigate factors that were associated with the maintenance of physical activity during the early stages of life (childhood and adolescence). The main results indicated that boys were more likely to be active in both childhood and adolescence, while adolescents whose mothers were inactive and who are early maturing were less likely to be active in childhood and adolescence. These findings indicate some possibilities for effective physical activity promotion interventions during the first two decades of life, by identifying highrisk groups and highlighting important social correlates of physical activity maintenance.
Physical activity performed in the early years of life seems to be an important strategy for its maintenance in later stages. Though there is consistent evidence of a decrease in physical activity from childhood to adolescence 6, 25 , during adolescence 7, 26 and beyond, caused by several factors, passing from biological ones to behavioral factors as a different social context with more responsibilities and different interests 27 . Continuity of physical activity over the lifespan is important because, either directly or indirectly, activity has positive effects on several physical and mental health outcomes. Physical activity may help to protect from excess body fat development 28 which has a strong relationship with cardiovascular risk 29 . Moreover, physical activity is related to cardiorespiratory fitness 30 , which constitutes an important protective factor for cardiovascular risk and can even attenuate the negative health effects of overweight and obesity 31 . One of the pathways recently highlighted for the benefits of physical activity in childhood and throughout life is the genetic methylation of DNA. Epigenetic pathways of modification of genes related to cardiovascular outcomes have been highlighted 10, 32, 33 in an attempt to explain the effects of physical activity in childhood, independent of habits in adulthood 8, 9 . Knowledge of the factors that determine PA maintenance and not merely its engagement in childhood is important, particularly as PA levels decline with advancing age. In the present study it was observed that in addition to being more 
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Prevalence of PA% active in childhood, boys were more likely to remain physically active in adolescence compared to girls. This maybe partially explained by boys being more socially stimulated to perform sports, especially during outside school hours. In addition, other social factors such as freedom and parental support for physical activity (for example, transporting to the training place and providing encouragement for sports participation) may be afforded more to boys than girls 34 . Also, the influence of parents can be indirect, through social learning of some behaviors; given that the environment in which the young person lives and parental examples may influence their habits 13, 35 . Accordingly, we observed that children of inactive mothers were less likely to be active from childhood through adolescence. In other words, it seems that maternal behaviors may promote adherence of young people to physically activity lifestyles. The absence of father's PA influence on youth PA patterns maybe related to the role of mothers as primary caregivers through early childhood. Regardless, our data highlight the importance of parent's (particularly maternal) physical activity to aid maintenance of healthy habits through childhood. In addition to the modeling, probably active parents tend to support and encourage more their children to be active. Thus, we suppose that strategies to promote physical activity in young people should therefore include parental-levels actions.
Following adjustment for sex, birth weight and mother's PA, we observed that late maturing adolescents were more likely to be active in both childhood and adolescence. Sherar et al. 36 highlight the complex relationships between biological and behavioral variables during the pubertal transition. Morphological alternations are typically followed by cognitive changes which may have an impact on PA more than just chronological age 37 . This highlights the importance of controlling for biologic maturation in physical activity studies involving adolescents, and as the timing of puberty differs between boys and girls adjustment for sex is also needed. Another important finding of this study was the relationship between birth weight and maintenance of physical activity from childhood to adolescence (model 1). We observed that adolescents who were born with a low birth weight (lowest quartile) presented a lower prevalence of physical activity in both stages (childhood and adolescence) when compared to the highest quartile. Gopinath et al. 5 , in a five year follow up study, observed that in adolescents between 12 and 13 years old and 17 and 18 years old, birth weight was directly related to habitual physical activity, even after adjustment for important variables such as ethnicity, parental education, body mass index and gestational period. Despite the mechanisms inherent in the association of birth weight with the adoption and maintenance of certain behaviors being unclear, it is speculated that the influence of low birth weight on the components of physical fitness (muscular mass, motor coordination and cardiorespiratory fitness) 15, 38, 39 , which are related to success and adherence in sports participation, could explain this relationship. However, when the analyses were adjusted by sex and mother's PA, birth weight was no longer associated with PA maintenance. A recent systematic review found that none of the studies with objectively measured physical activity have observed an association between birth weight and physical activity; a result that was confirmed by meta-analyses of all identified studies 19 . We highlight that although studies have found that prenatal exposures can influence future health and well-being (the development origins of health and disease hypothesis) 3, 40 , these associations are unlikely mediated by prenatal factors determining habitual physical activity. Our data indicate that the social environment is more strongly associated with youth PA levels than early life events. Regardless of gestational period and birth weight, adolescents with active mothers were more likely to maintain PA levels from childhood to adolescence.
In this sense, practical implications can be inferred from our findings. Having in mind that the main correlates of physical activity maintenance from childhood to adolescence were sex, maternal physical activity and biological maturation, these adolescents with risk of be inactive should receive especial attention and be target of public health policies. Moreover, ecological interventions that also involves the family of the subject, promoting family-based interventions to promote physical activity seems to be promising 41 . Limitations of this study include the design (which do not allow causality establishing) and the subjective methods to assess physical activity, gestational age and birth weight. Birth outcomes, however, are known to be reported with certain accuracy by parents 42 , especially through categorical questions as we categorized in the present study. Araújo et al. 43 found a bias of 0.20 kg between measured and recalled birth weight as well as an agreement of approximately 95% when birth weight was reported categorically. However it can contain bias according educational status 42, 43 . Self-reported physical activity, and in particular the retrospective reporting of sports participation in mid-childhood, represents just one domain of physical activity. Self-report techniques are known to have lower validity than objective methods, but their use for physical activity assessment in low and middle-income countries is still limited 7, 44 . Thus, studies have adopted similar strategies in an attempt to identify the effects of early physical activity practice on outcomes later in life 8, 10, 45 . Moreover, due to our sample size and consequently unequal distribution of adolescents between physical activity patterns, we could not analyze adolescents that were inactive during childhood, but are currently active, because of the small number of adolescents in this condition. Similarly, the number of mothers that participated in this study was larger than fathers (876 vs 746), which can cause bias and a possible lack of association between paternal physical activity and offspring physical activity. Consequently, we had a big quantity of missing data, what can also cause bias, even that there were no differences of the characteristics between missing data and included data. On the other hand, we considered prenatal, biological and environmental correlates of child to adolescence physical activity maintenance of a understudied population on a view of sports/physical activity maintenance from childhood to adolescence.
Finally, we conclude that girls, children of inactive mothers and early maturing adolescents are less likely to maintain physical activity participation from childhood to adolescence. We emphasize the need of specific strategies for the promotion of physical activity adoption and maintenance toward these groups.
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